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Fourier transform analysis of irradiated Weiss oscillations.
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Abstract – We present a theoretical approach to study the effect of microwave radiation on the
magnetoresistance of a one-dimensional superlattice. In our proposal the magnetoresistance of a
unidirectional spatial periodic potential (superlattice), is modulated by microwave radiation due
to an interference effect between both, space and time-dependent potentials. The final magnetore-
sistance will mainly depend on the spatial period of the superlattice and the radiation frequency.
We consider an approach to study these effects based on the fast Fourier transform of the obtained
magnetorresistance profiles in function of the inverse of the magnetic field. Based on this theory
we propose the design of a novel radiation sensor for the Terahertz band.
Introduction. – Nowadays magnetotransport prop-
erties of highly mobile 2DES are a subject of increasing
interest. In particular the study of the effects that radia-
tion can produce on these nano-devices is attracting much
attention [1]. Besides, the interplay of two different peri-
odic modulations in these physical systems will give rise
to interesting features in electron dynamics and transport.
For instance, the study of the effect of microwave (MW)
radiation on the transport properties of a one-dimensional
superlattice in the presence of a perpendicular magnetic
field, (B) giving rise to Weiss oscillations [2–4] represents
a topic of great interest. Especially if we consider that
MW radiation gives rise also to magnetoresistance (Rxx)
oscillations in 2DES [5–7]. Weiss oscillations are a type
of Rxx oscillations observed in high mobility 2DES with a
lateral periodic modulation (superlattice) imposed in one
direction. In this scenario electrons are subjected simulta-
neously to two different periodic potentials. One is space-
dependent, i.e., the superlattice, and the other is time-
dependent, i.e., MW radiation. Thus, interesting proper-
ties are expected to turn up due to the joint effect of both
potentials.
The origin of Weiss oscillations is a periodically modu-
lated Fermi energy as a direct consequence of the spatial
periodic potential V (x) imposed on the 2DES. The spa-
tially modulated Fermi energy, (see Fig. 1), changes dra-
matically the scattering conditions between electrons and
charged impurities presented in the sample. At certain B
the transport will be more dissipative. This corresponds
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Fig. 1: Schematic diagrams of electronic transport of a 2DES
with a spatial periodic modulation in one direction. In Fig.(1.a)
no MW field is present. When the MW field is on, the orbits
oscillate with w. In Fig.(1.b) the orbits move backwards during
the jump. In Fig.(1.c) the orbits are moving forwards but still
the electronic jump can take place. In Fig. (1.d) the orbits
are moving forwards but for a higher MW intensity. Thus the
electron movement between orbits cannot take place because
the final state is occupied.
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to a peak in Rxx [8]. Meanwhile in others, the transport
will be less dissipative corresponding to a Rxx valley [8].
Under this scenario it is expected that the presence of MW
radiation will alter dramatically the Rxx response of the
system. We predict that the combined effect of MW ra-
diation and spatial potential will lead the system to an
interference regime with constructive and destructive re-
sponses [8]. As a consequence Rxx will present a modu-
lated profile. The theory presented here can have potential
applications in other fields and systems like nano electro-
mechanical systems (NEMS) [9] with AC-potentials and
surfaces acoustic waves (SAW) [10] in 2DES or quantum
dots illuminated with MW radiation. In other words, the
physics presented in this letter can be of interest for an au-
dience dealing with the effects that AC or/and DC fields
produce on nano-devices.
In this letter we consider at the same footing the effects
of both a spatial periodic modulation and MW radiation
on the transport properties of a 2DES in the presence ofB.
We propose an alternative approach to study the effects
of both potentials based on the fast Fourier transform,
(FFT) [11], of the obtained magnetorresistance profiles
in function of the inverse of B. We first study the FFT of
the system for each potential individually. Then we study
jointly the FFT of the system when the two types of po-
tentials are acting simultaneously. We obtain two peaks,
corresponding to the two harmonic potentials. An inter-
esting scenario arises when the two FFT peaks coincide.
Then we can extract information affecting the two poten-
tials. Also it can be of practical interest, for instance a
2DES with a superlattice of a known spatial period can
work as a nanosensor to detect radiation of certain fre-
quencies, for instance for the Terahertz band.
Our system consists in a 2DES subjected to a perpen-
dicular B (z-direction) and a DC electric field (Edc) (x-
direction). We include the unidirectional periodic poten-
tial V (x) = V0 cosKx where K = 2π/a, a being the spa-
tial period of the superlattice. The total hamiltonian H ,
can be written as:
H =
P 2x
2m∗
+
1
2
m∗w2c (x −X0)2 − eEdcX0 +
1
2
m∗
E2dc
B2
+V0 cos(Kx) = H0 + V0 cos(Kx) (1)
X0 is the center of the orbit for the electron spiral mo-
tion: X0 =
h¯ky
eB −
eEdc
m∗w2c
, e is the electron charge, wc
is the cyclotron frequency. H0 is the hamiltonian of
a harmonic quantum oscillator and its wave functions,
the well-known oscillator functions (Hermite polynomi-
als). We treat V0 cos(Kx) in first order perturbation
theory and the first order energy correction is given by:
ǫ
(1)
n = V0 cos(KX0)e
−X/2Ln(X) = Un cos(KX0), where
X = 12 l
2K2, Ln(X) is a Laguerre polynomial and l the
characteristic magnetic length. Therefore the total energy
for the Landau level n is given by: ǫn = h¯wc(n +
1
2 ) −
eEdcX0 + Un cos(KX0). This result affects dramatically
the Fermi energy as a function of distance (see Fig. 1),
showing now a periodic and tilted modulation [8].
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Fig. 2: Calculated Rxx as a function of magnetic field B for
dark and radiation of different frequencies. The period of the
static modulation is a = 382nm and the modulation amplitude
is V0 ∼ 0.1meV .T=1K.
Now we introduce impurity scattering suffered by the
electrons in our model [7, 8, 12]. When one electron scat-
ters elastically due to charged impurities, its average orbit
center position changes, in the electric field direction, from
X0 to X
′
0. Accordingly, the average advanced distance
in the x direction is given by ∆X0 = X
′
0 − X0 ≃ 2Rc,
Rc =
√
2m∗EF
eB being the orbit radius. There is a direct
relation between advanced distance and dissipated energy
(see Fig. 1), and when the 2DES is subjected to V (x), the
energy variation in the scattering jump has the expression:
∆ǫ ≃ eEdc2Rc + Un[cos(KX0)− cos(KX
′
0)] (2)
After some algebra we can obtain from this expression an
averaged energy variation that can be written as [8]:
∆ǫ ≃ eEdc2Rc − V0e−X/2J0(2
√
X) cos
[
2
(
RcK +
π
4
)]
(3)
being J0 Bessel function of zero order. The advanced dis-
tance corresponding to ∆ǫ can now be straightforward cal-
culated []:
∆XT = 2Rc−
V0e
−X/2J0(2
√
X)
eEdc
cos
[
2
(
RcK +
π
4
)]
(4)
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Fig. 3: Calculated Rxx vs B. In Fig. (a), we plot the case
of superlattice with no radiation. Therefore, we represent the
Weiss oscillations. Fig. (b) represents the case of a 2DES
with no superlattice subjected to radiation. Thus, we obtain
the well-know radiation-induced resistance oscillations. In Fig.
(c) we represent the joint effect of a one-directional superlattice
with radiation. We obtain a modulated Rxx profile. The period
of the superlattice is 950 nm and the radiation frequency 40
GHz. (T=1K.)
From ∆XT we calculate a drift velocity for the elec-
tron dissipative transport in the x direction and finally we
obtain Rxx [7,8,12]. In Fig. 2a we representRxx as a func-
tion of B. The period of the static modulation is a = 382
nm and the modulation amplitude is V0 ∼ 0.1meV . We re-
produce Weiss oscillations with reasonable agreement with
experiments [2, 3].
If now we switch on the MW field, we expect that its
effect will alter dramatically the Rxx response of the sys-
tem. In our simulations we consider that the MW field is
plane polarized along the x-direction that is the direction
of the current and the direction of the spatial potential,
i.e., of the superlattice. [11] From the MW driven elec-
tron orbits model [7, 8], we propose that MW radiation
forces the electron orbits to move back and forth at the
frequency of MW. This affects the scattering conditions of
the 2DES increasing or decreasing the distance of the scat-
tering jump giving rise to MW-induced Rxx oscillations.
Both effects, periodic spatial modulation and MW radi-
ation alter simultaneously the average advanced distance
when the electron scatters (see Fig. 1). We obtain an ex-
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Fig. 4: Left Panels: Rxx vs (1/B). In (a) we represent the
case of a superlattice of a=950 nm and no radiation. In (c) we
plot the case where the spatial modulation is removed. The
frequency of the radiation field is 40 GHz. In (e) both spatial
and temporal periodic modulations are present. In the right
panels we represent the FFT of the corresponding left curves.
(T=1K).
pression for the total average distance in the x direction
[8]:
∆XT = 2Rc − S cos
[
2
(
RcK +
π
4
)]
+A cos(wτ) (5)
where S = V0e
−X/2J0(2
√
X)
eEdc
and A = eEo
m∗
√
(w2c−w2)2+γ4
. Eo
is the MW electric field amplitude, γ is a phenomenolog-
ically introduced [7] damping parameter and τ the scat-
tering time. From ∆XT we calculate an electron drift
velocity [7, 8, 12] and finally Rxx of the system:
Rxx ∝ −S cos
[
2
(
RcK +
π
4
)]
+A cos(wτ) (6)
According to this expression we can predict an interfer-
ence regime between both periodic potentials which will be
reflected on Rxx [8,13] showing a modulated profile when
plotted against B. We can observe this behaviour in Figs.
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Fig. 5: Calculated ρxx vs B. Similar panels as in Fig. 3.
Now the spatial period of the superlattice is the same but the
radiations frequency is 80 GHz. (T=1K.)
2b-2c. In these figures we represent magnetoresistance
versus B for a one-directional superlattice (a = 382nm)
with MW radiation of different frequencies: 90, 150, 180
and 254 GHz. All of them show different modulated pro-
files due to the interference effect of both potentials. That
means that depending mainly on a, w and for some values
of B, Rxx will present a constructive response and a rein-
forced signal. For other values of B the interference will
be destructive and the Rxx response will be closer to the
one of the dark case.
A further approach to analyze this scenario of irradiated
Weiss oscillations is based one the FFT of the Rxx signal
versus the inverse of the applied magnetic field. The goal
would be to obtain information from both, superlattice
built on the 2DES and radiation. The FFT is carried out
on the calculated data of Rxx versus (1/B) because they
present harmonic distribution; see left panels of Figs. 4
and 6 where we represent Rxx versus the inverse of the
magnetic field. However the standard plots of Rxx versus
B are not harmonic (see Figs. 3 and 5). According to
equation (6) the spatial part of Rxx oscillations depends
on the cosine term: cos
[
2
(
RcK +
pi
4
)]
, where
2KRc =
[
2
2π
a
√
2m∗EF
e
]
× 1
B
= kesp ×
1
B
(7)
Here the spatial frequency, kesp, is related with the fre-
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Fig. 6: Calculated ρxx vs B. Similar panels as in Fig. 4. The
spatial period is the same but the radiation frequency is 80
GHz. (T=1K).
quency obtained from the FFT plot, νesp through
kesp = 2πνesp (8)
(see right panels of Fig. 4). From this expression we would
be able to obtain information about the spatial period of
the superlattice a or even the Fermi level (electron density)
if we previously know the frequency from the FFT graph.
We can apply similar procedure for the temporal part of
the Rxx oscillations. According to equation (6) this part
depends on coswτ , where τ = 1/W is the scattering time
andW the charged impurity scattering rate which in turn
can be expressed as [14]:
W =
(
e4nim
∗
4πǫ2h¯3qs
)[
1 + e−
piΓ
h¯wc
1− e− piΓh¯wc
]
≃
(
e4nim
∗
4πǫ2h¯3qs
)[
2h¯wc
πΓ
]
(9)
where ni is the impurity density, ǫ the dielectric constant,
qs the inverse of the Thomas-Fermi screening length and
Γ the Landau level width. Therefore, we can write for wτ ,
p-4
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similarly as we did for the spatial part:
wτ = w×
(
4πǫ2h¯3qs
e4nim∗
)[
πΓm∗
2h¯e
]
× 1
B
= wtime ×
1
B
(10)
the angular frequency wtime is related to the frequency of
the time dependent FFT νtime through
wtime = 2πνtime (11)
(see right panels of Fig. 6). Thus, knowing νtime from
the FFT plot, we could obtain information such as the
frequency of radiation or material dependent information,
for instance scattering time.
In the above approach we have considered individually
the potentials acting on the system. A more interesting
scenario arises when we study jointly the FFT of the sys-
tem when acting the two types of potentials simultane-
ously (Figs. 4f and 6f). We can have two different situa-
tions, in the first one the FFT peaks do not coincide, they
show up far apart (see top and middle panels of Figs. 4
and 6). In this case the obtained information would be
as the one described above. On the other hand, when the
two FFT peaks coincide, νtime = νesp and knowing previ-
ous information of one the potentials, either radiation or
superlattice, we could obtain in turn important informa-
tion of the other one. An example of application of the
proposed theory it would be the design of radiation sen-
sors; a 2DES with a superlattice of known spatial period
could work as a nanosensor to detect radiation of certain
radiation frequency, such as the Terahertz band. Using
the criteria of coincident peaks, we have calculated that
to detect, for instance, radiation of 0.5 THz we would need
a superlattice of a spatial period of a = 122 nm.
In conclusion, we have further examined the problem
of irradiated Weiss oscillations. We have first obtained
the interference and modulated profile of Rxx vs B arising
from joint effect of superlattice and radiation. Then we
have studied this effect from the perspective of the FFT
of Rxx response vs 1/B. We have obtained two peaks ei-
ther one corresponding to one potential, time or spatial
dependent. Two scenarios have been obtained, when the
FFT peaks positions are the same and when they do not
coincide. The most interesting is the first one, where the
design of a nanosensor for Terahertz radiation based on a
unidirectional superlattice of known period has been pro-
posed.
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